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Attn:  Procurement  and  Production  Directorate 
SMUPA  -  PB1 


Subject:  Contract  Mo.  DA-04-?00-AMC-477  (A) 

Development  and  Evaluation  of  a  Lightweight  Aluminum  Honeycomb  Case 
Monthly  Progress  Report 


Gentlemen: 

Enclosed  is  the  report  describing  the  work  done  on  the  subject  contract 
during  the  month  of  May  1964.  The  report  was  prepared  by  the  Advanced  Struc¬ 
tures  Group*  Research  Division*  Hexcel  Products*  Inc.*  Berkeley  19*  California. 


Included  as  attachments  are  (1)  Statement  of  Man  Hours  Expended  -  Mav  1964% 
(?)  Schedule  shoeing  Current  Progress  -  May  1964,  and  (3)  Schedule  shoeing 
Program  of  Ensuing  Activities  -  June  and  July  1964. 

Tours  very  truly* 


Research  Director 
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reproducible.  It  is  sold  with  the  understand¬ 
ing  that  it  is  the  best  available  copy. 
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REPORT  Or  P»"CRESS 
NAY  1964 


1.  DC ST  ON  or  CASE  HXL-3-477 

The  design  of  the  Cese  wee  modified  using  the  results  of  the 

evaluation  of  the  testing  on  Case  HXL-2-477  which  was  given  in  Progress 

Report  #4.  The  design  changes  are  summarised  below: 

1.1  The  core  contact  area  of  the  energy  absorption  cylinder  was  reduced 
by  asking  the  circumferential  core  cutouts  wider.  See  Figure  1. 

The  core  in  the  empty  rings  was  cut  out  instead  of  being  pressed 
into  a  thinner  layer  as  in  Case  HXL-2-477.  (Ref.  4.3.2,  Progress 
Report  #4). 

1.2  The  diameter  of  the  energy  absorption  end  caps  was  Increased  to 
the  sane  diameter  as  the  energy  absorption  cylinder.  This  was  done 
to  provide  protection  for  the  hydrostatic  cylinder  during  the  edge 
drop  (ref.  4.3.3,  Progress  Report  14). 

1.3  The  diameter  of  the  hydrostatic  end  plates  was  increased  beyond  the 
diameter  of  the  hydrostatic  cylinder.  This  was  done  to  provide 
support  for  the  energy  absorption  core  in  the  end  cape  during  the 
edge  drop  (ref.  4.3.3,  Progress  Report  #4). 

1.4  The  Inner  akin  of  the  hydrostatic  end  ceps  was  increased  from 
.012  to  .016,  and  two  .012  reinforcing  doublers  were  used  instead 
of  one  as  on  Cese  HXL-2-477.  (ref.  4.3.1,  Progress  Report  #4). 
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2.  TESTING  Of  CASE  HXL-3-477 

2.1  Hydrostatic  1'rtnuw  Twt 

Th«  Case  was  damaged  during  preparations  for  the  flret  hydrostatic 
pressure  test.  After  the  Case  was  repaired.  It  was  decided  to  post¬ 
pone  the  pressure  testing  until  after  the  vibration  and  drop  teats 
had  been  completed.  After  completion  of  the  drop  tests,  it  was  dis¬ 
covered  that  the  drop  tests  had  destroyed  the  joint  seal  between  the 
'  end  plate  and  the  hydrostatic  cylinder.  Thus,  the  hydrostatic  pressure 
test  was  not  performed. 

2.2.  Vibration  Test 

A  vibration  test  was  conducted  in  which  the  Case  was  placed  with  the 
loogitudinal  axis  in  a  vertical  direction  and  then  vibrated  along  the 
longitudinal  axis.  Peak  acceleration  values  are  euestarlsed  in  Tabla  1. 
Severe  wrinkling  occurred  around  the  eiveusference  of  the  front  and 
rear  end  ceps  and  around  the  circumference  of  the  cylinder  near  the 
joint  with  the  rear  end  cap.  The  Cue  was  then  placsd  with  the  longi- 

7 

tudinal  axis  in  a  horizontal  position  and  vibrated  along  the  vertical 
axis.  Peak  acceleration  values  are  suemrised  in  Table  1.  Crushing 
of  the  core  and  wrinkling  occurred  where  the  fixture  supports  contacted 
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2 . 3  Drop  Testing 

Drop  tests  were  performed  after  the  completion  of  the  vibration  testing. 

A  lummry  of  the  drop  testing  la  given  in  Table  2.  The  dropa  are  listed 

In  the  sequence  In  which  they  were  performed. 

2.4  |v4i  uatlon  o  i  Tea  t  Msulta 

2.4.1  Longitudinal  Axis  Vibration  Test  -  The  only  severe  amplification 
was  50  g'a  at  135  cpa.  Since  this  Is  nowhere  near  the  resonance 
frequency  of  the  payload,  no  problem  la  anticipated. 

2.4.2  Vertical  Axis  Vibration  Teat  -  Accelerometer  #1  indicated  that 
there  was  very  little  amplification  at  the  end  of  the  payload 
(equivalent  to  the  free  end  of  a  cantilever  beam).  The  highest 
peak  reading  on  Accaleroamter  #3  was  58  g's  at  128  cpa.  This 
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peak  occurred  In  a  direction  at  90  to  the  direction  of  vibration. 
Since  thia  Is  not  near  the  resonance  frequency  of  the  payload,  no 
problem  is  anticipated.  However,  two  peaks  did  occur  near  the 
payload  resonant  frequency:  50  g's  at  195  cps  on  Accelerometer  #2 
and  28  g'a  at  205  cps  on  Accelerometer  #3.  This  could  cause  a  very 
severe  ampllf lcatlon  with  the  production  payload  Installed  in  the 
Case.  No  action  will  be  taken  to  correct  this  condition  until 
thase  results  are  confirmed  by  testing  on  future  cases. 

2.4.3  Bear  End  Prop  Test  -  The  peak  decelerations  during  the  rear  end  drop 
were  much  higher  than  the  permissible  maxiima  of  40  g's.  This  had 
the  following  causes: 

2.4. 3.1  There  was  no  bond  between  *he  end  cap  energy  absorption  core 
and  the  skin  of  the  hydrostatic  end  plate.  The  loose  core 
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2.4.3. 1  (continued) 

caused  a  rebound  action  when  the  end  cap  contacted  the 
Moor,  resulting  in  high  peak  g's. 

7.4. 3.?  The  air  sealed  in  the  end  can  experienced  a  sudden  compres¬ 
sion  ,u  the  cap  contacted  the  floor.  to  the  dropping 
action  continued,  th#»  volume  of  air  was  conoressed  further 
untM  the  skin  cracked,  permitting  the  lir  to  escaoe.  Dur¬ 
ing  this  short  '»eriod  of  time,  the  compressed  air  caused  a 
rebound  action,  resulting  in  hirh  oeak  g’s. 

2.4,4  flat  Drop  Tests 

The  drops  in  Positions  #1  and  #2  both  resulted  in  peak  g's  higher 
than  the  permissible  maximum  or  27  g's.  The  reasons  for  the  high 
peak  r's  in  the  Position  f]  dron  were,  first,  thit  the  rear  end  cap, 
already  crushed  during  the  end  dron  test,  contributed  a  high  edge¬ 
wise  romp  ness ion  resistance.  This  explanation  was  proven  by  remov¬ 
ing  the  rear  end  ran  before  conducting  the  drop  in  Position  #2. 

This  second  flat  drop  resulted  in  much  lower  peak  p  values.  Secondly, 
The  circumferential  cuts  in  the  energy  absorption  cylinder  core  were 
not  in  agreement  with  the  design,  to  shown  in  figure  1,  the  solid 
sections  of  the  core  were  all  supposed  to  be  4"  wide,  but  the  actual 
widths  were  greater  than  4",  thus  giving  more  contact  area  than  was 
desired.  This  greater  contact  area  also  caused  the  peak  g'a  in  tha 
Position  12  drop  to  be  higher  than  the  required  minimum. 
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?.4.4  (continued) 

Tt  was  noted  that  the  first  peaks  in  both  Position  *1  and  *? 
drons  were  l*ss  than  too  highest  peak  values.  This  resulted 
from  the  rsct  that  the  depth  of  the  circumferential  cutouts 
were  approximately  1/?**  less  than  the  depth  specified  in  the 
design.  Thus  ,  as  the  core  continued  to  crush  after  the  first 
impact,  the  oorv  over  the  cutout  areas  was  pushed  (Inward  to 
fill  the  gaps.  This  resulted  in  a  greater  core  one  tact  area 
with  resulting  hither  peak  values. 

2.4.5  Edge  Drop  Test 

A  maximum  peak  of  30.8  gfs  was  obtained.  This  is  higher  than  the 
required  maximum  of  ?l  ?#s  and  was  caused  by  lack  of  sufficient 
depth  o*  energy  absorption  core. 
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FIGURE  l 


TABLE  1 


SUMMARY  Of  VIBRATION  TEST  RESULTS  ON  CASE  HXL-3-477 


*  AceiUwittri  vara  loeitad  as  shown  bo  low.  Tho  saws 

inotru— ntation  was  used  for  both  toots.  Tho  arrows  Indicate 
tho  direction  aloof  which  oach  accelerant  ter  osasuros  ft  values 
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TABLE  2 

SlttURY  OF  DROP  TESTS  ON  CASE  HXL-3-4/7 

Drop  Weight:  2U5.3  lbs. 

Drop  Height:  3t  laches  bee  Figure  2  ol  Progress  Hepoit  04  tot  explanation  oi  Peak  Deceleration  and  Duration. 
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g  valuta  shown  are  perpendicular 
to  longitudinal  axis  of  cate. 
Accerometer  was  25°  with  reapect 
to  longitudinal  axis  of 
c  y  1  inder . 

The  h>drostatlc  cylinder  was 
damaged  and  caused  leakage. 

Drop  angle  “  50. b°  to  hori¬ 
zontal. 

Drop  height  was  j6"  from  the 
dropping  edge. 

2nd  high  peak  appeared  twice. 
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ATTACHMENT  #1 


STATEMENT  OF  MAN  HOURS  EXPENDED  -  MAT  1964 


Engineering; 

Sr.  Professional 
Professional 
Draft log i 

Technician 

Fabrication  and  lasting: 

Technician 

Other: 

Clerical 


MAN  HULKS 


3.0 


203.5 


125.0 


24,  o 


TOTAL  HOURS  EXPENDED 
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